Background Low-income and middle-income countries have introduced different health insurance schemes over the past decades, but whether different schemes are associated with different neonatal outcomes is yet unknown. We examined the association between the health insurance coverage scheme and neonatal mortality in Colombia. Methods We used Colombian national vital registration data, including all live births (2 506 920) and neonatal deaths (17 712) between 2008 and 2011. We used Poisson regression models to examine the association between health insurance coverage and the neonatal mortality rate (NMR), distinguishing between women insured via the contributory scheme (40% of births, financed through payroll and employer's contributions), government subsidised insurance (47%) and the uninsured (11%).
INTRODUCTION
Expansion of health insurance coverage has become a priority for many governments. [1] [2] [3] [4] [5] [6] Universal health coverage-ensuring that all people receive the health services they require, of good quality, without exposing the user to financial hardship when paying for them-is a key component of the sustainable development goals. 7 In low-income and middle-income countries, use of maternity care is sensitive to out-of-pocket fees, 8 as the costs of care can be unpredictable 9 and can amount to a substantial proportion of household income, especially for caesarean section (C-section) deliveries. 8 Health insurance coverage lowers the risk of catastrophic health expenditures and improves access to healthcare, but there is a paucity of evidence on its effects on health outcomes, including newborn mortality. [10] [11] [12] While expansion of health insurance coverage has become a priority of governments, whether improvements in newborn survival can be achieved by expanding health insurance coverage remains uncertain.
Colombia offers a unique setting to examine the relationship between health insurance coverage and newborn mortality. Through a major reform in 1993, universal health insurance was gradually introduced to provide all citizens with a comprehensive health benefit package. A decentralisation reform in early 2000 13 is believed to have improved efficiency and equity of resource allocation, 14 contributing to a substantial increase in insurance coverage (figure 1). Individuals participate in one of two health insurance schemes: (1) employees in the formal sector are mandated to enrol in an employment-based health insurance denominated 'contributory regime'. Even individuals with poverty scores below the eligibility threshold are mandated to enrol in this scheme; (2) the subsidised regime, a publicly funded health insurance scheme targeted at the poor as identified through a proxy means-test denominated System of Identification of Beneficiaries (SISBEN). Individuals in this scheme are subsidised to purchase insurance from private, government-regulated insurers. 15 16 In theory, everyone, irrespective of insurance status, has access to free maternity care, including uninsured women. In practice, there are differences in quality of care between schemes and between the insured and uninsured, and additional financial barriers may limit access to care among the uninsured. 17 18 We use vital registration data to examine the association between the health insurance coverage scheme and neonatal mortality in Colombia. We focus on neonatal mortality because it is sensitive to quality of care. 19 20 We expected health insurance, particularly via the contributory scheme, to be associated with better maternity and neonatal care, including access to emergency obstetric care.
METHODS Data
Vital registration data comprising individual records of all registered births and deaths between 2008 (when the vital registration bases in Colombia were harmonised) and 2011 were obtained from the National Administrative Department of Statistics' official registries. 21 For all deaths under 28 days (n=22 879) and all live births (n=2 734 478), information was recorded on characteristics of the child (year of birth, region of birth, sex, gestational age, birth weight), the mother (insurance status, age, marital status, rural/urban residence), and the delivery (singleton/multiple birth, mode of delivery (C-section, vaginal)). Cause-of-death data were coded according to the International Classification of Diseases (ICD-10) (see online supplementary table S1). 22 We found that 8.3% of births and 38.7% of deaths had a missing value for at least one covariate. To minimise bias due to missing observations, we used multiple imputation methods developed by Raghunathan et al 23 to impute values for education, marital status and maternal age in deaths records. This method consists of fitting a sequence of regression models and drawing values from the corresponding predictive distributions, using observed values. The procedure was applied based on a model that included urban/rural residence, county of residence, sex of the baby, age of the baby at neonatal death and year of death as covariates. We obtained five imputed databases based on five iterations. We excluded 3701 death records (16%) for which at least one missing variable could not be imputed, yielding a sample of 19 178 neonatal deaths (83.8%).
Personal identifiers were not available for birth and death records. Therefore, we first aggregated the databases to obtain counts of live births and neonatal deaths according to health insurance status (contributory scheme, subsidised scheme, other schemes, uninsured), infant's sex, year of birth, region of residence, mother's age (≤19, 20-34, 35 years+), maternal education (lower secondary or less, upper secondary or higher), marital status (married, non-married), rural/urban residence, singleton/multiple births, mode of delivery (vaginal delivery, C-section delivery), gestational age at birth (<37 weeks, 37 weeks or more) and birth weight (<2500 g, 2500 g or more). We then matched the birth and death databases based on aggregation variables to obtain a single merged database with both neonatal deaths (numerators for the rate) and live births (denominators for the rate). We found that 1466 deaths (7.7%) could not be linked to the birth data set, and were therefore excluded. The final data set for analysis comprised 2 506 920 (91.7% of total) live births and 17 712 deaths (77.4%). Birth weight and gestational age came from different sources in the database of births (source: birth certificates) and the database of deaths (source: relatives' self-reports). To reduce risk of misclassification, we aggregated these variables using the broad categories mentioned above. Detailed categories for these variables as given in table 1 were only retained when analysing the birth database.
Finally, 2.5% of births were to mothers with another type of health insurance-a heterogeneous group that comprised a high percentage of mismatched deaths (33.5%) (results not shown). This group was therefore excluded from the presentation of findings.
Analysis
First, we estimated crude neonatal mortality rates (NMRs), defined as the number of deaths under 28 days of life per 1000 live births (table 2), the definition used by the Colombian authorities. This definition differs slightly from the more common definition that includes the 28th day of life, but this should not bias our estimates as the definition was applied uniformly across all regions and time periods. To explore the association between neonatal mortality and health insurance, we used Poisson regression models that included the number of deaths as a dependent variable, the natural log of birth counts as an offset variable, and health insurance as an independent variable. In some models, we also explored the association between mode of delivery and health insurance using logistic regression.
We used a stepwise approach to modelling the association between health insurance and neonatal mortality on the basis of our conceptualised causal framework (see online supplementary figure S1). Our basic model (table 3, Model 1) included health insurance status and elementary confounders (year of birth, region of birth, sex of the infant, single/multiple birth, maternal age). To examine the extent to which mortality disparities by health insurance status were explained by socioeconomic and demographic factors, we incorporated adjustment for maternal education, marital status and rural/urban residence (Model 2). Then we included mode of delivery (vaginal/C-section) as a potential mediator of the association between health insurance status and neonatal mortality (Model 3). In Model 4, we included birth weight and gestational age as additional potential mediators. We also carried out separate analyses by cause of death.
Regression analyses were conducted using each of the five multiple databases generated by the multiple imputation process, using standard techniques in the PROC MIANALYZE procedure in SAS to combine estimates from all databases and adjust SEs to account for uncertainty in the imputation. 24 This procedure reads the parameter estimates and associated covariance matrix for each imputed data set, and then derives valid multivariate inferences for these parameters. This allows for valid statistical inference that appropriately reflects uncertainty due to missing values. 24 All analyses were conducted in SAS V.9.2. 
RESULTS
A 47% of births were to mothers with subsidised insurance, 40% to mothers in the contributory scheme and 11% to uninsured mothers (table 1) .
Teenage motherhood, lower education, rural residence and being unmarried were more common among uninsured mothers and those with a subsidised insurance, while being a mother aged 35 years and older was more common in the contributory scheme. The fraction of babies delivered through C-section was higher among mothers insured in the contributory scheme (49%) than among mothers in the subsidised scheme (34%) or uninsured mothers (28%). We found that 46% of babies born to mothers in the contributory scheme were born before 39 weeks of gestational age, versus 38% in the subsidised scheme and 40% born to uninsured mothers. The prevalence of low birth weight (<2500 g) was roughly similar across babies born to mothers with different insurance status (contributory scheme 10%, subsidised scheme 8%, uninsured 9%).
The crude NMR was lower among babies born to mothers in the contributory scheme (6.13/1000) than among babies born to mothers in the subsidised scheme (7.69/1000) and uninsured mothers (8.38/1000) (table 2). While these differences were observed for all age-at-death groups, over three-quarters of the absolute difference occurred in the early neonatal period (first week), in particular in the first 24 hours after birth (50%). For most causes of death, except for congenital and chromosomal abnormalities, the crude NMR was higher for babies born to uninsured mothers and to women with a subsidised insurance (figure 2). Deaths due to respiratory disorders, mostly respiratory distress related to conditions around delivery, contributed most to the absolute mortality difference by insurance status.
Results from the basic model suggest that, compared with the contributory insurance, NMR was 27% higher (95% CI 1.22 to 1.31) among those born to mothers in the subsidised scheme, and 36% higher (95% CI 1.30 to 1.43) among babies born to uninsured mothers (table 3, Model 1). These differences were partly explained by socioeconomic and demographic factors, but statistically significant differences remained after socioeconomic adjustment (rate ratio (RR) uninsured, 1.16 (95% CI 1.10 to 1.23); RR subsidised scheme, 1.09 (95% CI 1.05 to 1.14)) (table 3, Model 2). When examining cause-specific mortality, we noted a strong association between health insurance status and mortality from respiratory disorders (RR subsidized vs contributory scheme Model 2: 1.22 (95% CI 1.14 to 1.31); RR uninsured vs contributory scheme Model 2: 1.37 (95% CI 1.25 to 1.50)) (see online supplementary table S2).
Adjusting for delivery mode increased the mortality disadvantage of babies born to uninsured mothers and those with a subsidised insurance compared to those in the contributory scheme (RR uninsured, 1.27 (95% CI 1.20 to 1.35); RR subsidised scheme, 1.17 (95% CI 1.12 to 1.22)) (table 3, Model 3).
Further adjustment for gestational age and birth weight attenuated the increased mortality risk for the uninsured, but not for those in the subsidised scheme (table 3, Model 4).
We further examined the role of C-section delivery. Table 3 (Model 3) shows that NMR was 75% (95% CI 1.69% to 1.80%) higher among C-section births than among vaginal births, after adjusting for sex, year, region, maternal age, education, rural/urban residence and insurance status. The higher mortality among C-section births was substantially attenuated after controlling for gestational age and birth weight (ARR 1.05 (95% CI 1.02 to 1.09)) (table 3, Model 4). Results in table 4 show that being born before 39 weeks of gestational age and having low birth weight were more common for C-section deliveries than vaginal deliveries, irrespective of insurance scheme. We found that 50.7% of C-section births occurred before 39 weeks, versus 35.5% of vaginal births (<37 weeks: 12.9% and 6.5% respectively). Differences in birth weight and gestational age were small between insurance schemes when controlling for delivery mode. Finally, figure 3 shows that the odds of C-section delivery were much lower for uninsured mothers (OR: 0.61 (95% CI 0.60 to 0.62)) and mothers in the subsidised scheme (OR 0.76 (95% CI 0.75 to 0.77)) than for women with a contributory insurance (see also online supplementary table S4).
DISCUSSION

Summary of main findings
Our study shows that neonatal mortality was higher among babies from uninsured mothers and those with a subsidised insurance, compared to babies from mothers with a contributory insurance. After adjusting for socioeconomic and demographic factors, these mortality differences were attenuated but not eliminated. While possibly due to residual confounding, the remaining mortality disparities may also reflect differences in access to and quality of care. This hypothesis is supported by our finding that a substantial proportion of the mortality difference was attributable to deaths in the first 24 hours and to respiratory distress during delivery. Interestingly, mortality differences by insurance status became larger after adjusting for C-section delivery. This was due to the higher C-section rates among insured mothers, especially those in the contributory scheme-a practice that was associated with premature birth and higher neonatal mortality. Further studies are warranted to establish whether a contributory health insurance may be associated with higher rates of unindicated C-sections, and whether the latter may have increased neonatal mortality for babies in the contributory scheme.
Strengths and limitations
Missing values, mismatching and under-registration of deaths may have led to an underestimation of average NMR and differences in NMR by insurance status. While under-registration of deaths is a problem in many low-income and middle-income countries, 25 it has strongly declined in Colombia and vital registration coverage was high in the years we included. 26 Under-registration of deaths was largest in deprived areas with more uninsured people and those with a subsidised insurance, and may have led to an underestimation of mortality disparities. 27 28 Mismatching and missing values may have also contributed to underestimated mortality differences, particularly between the uninsured and the insured. We conducted three sensitivity analyses to evaluate the effect of mismatching and missing values. First, to limit the problem of mismatching and missing values in the covariates, we constructed a data set with insurance status, year and sex only, as using only these three variables-as opposed to all variables availablereduced the probability of mismatching considerably (only 3.4% of deaths were excluded due to missing values using these three variables). The RRs for the uninsured became higher than those in table 3, Model 1 (RR uninsured: 1.62 (95% CI 1.55 to 1.68)); RR subsidised scheme: 1.28 (95% CI 1.25 to 1.32)), suggesting that the mortality differences between the uninsured and contributory scheme were underestimated. Second, to evaluate the effect of missing values for health insurance status, we estimated (1) a conservative model in which all deaths with missing values for insurance status were attributed to the contributory scheme and all births with such missing values to the uninsured, yielding an RR of 1.33 (95% CI 1.28 to 1.39); (2) a model that attributed all deaths with a missing value for insurance status to the uninsured group, and births with missing values for insurance status to the contributory scheme, yielding an RR of 2.07 (95% CI 1.99 to 2.15). Since the uninsured were more likely to have missing values for insurance status, the latter may provide a closer approximation of the actual mortality differences. Finally, we reran the models in table 3 for the five largest regions with much higher quality of vital registration (Antioquia, Bogota, Cundinamarca, Valle and Atlántico), comprising 46% of all deaths (see online supplementary table S3). Here, only 7% of deaths were dropped due to missing values or mismatching. The mortality differences between the uninsured and contributory scheme were slightly higher than those in table 3. Overall, these findings suggest that our results provide a conservative estimate of mortality differences by insurance status.
Finally, we evaluated the effect of missing values and mismatching on our conclusions about the contribution of C-section births to the mortality differences by insurance status. To limit the problem of mismatching and missing values in the covariates, we constructed a data set with health insurance status and delivery mode only. These models confirmed that C-section was associated with higher NMR than vaginal birth (RR 1.54 (95% CI 1.50 to 1.58)). Furthermore, we checked if missing values in delivery mode could explain the higher risk of death among C-section births. Even when using the extreme assumption that all deaths with missing values for delivery mode were attributable to vaginal deliveries and all births with such missing values to C-section births, C-section delivery was associated with excess mortality (RR 1.41 (95% CI 1.38 to 1.45)).
Interpretation
The higher mortality risk associated with being uninsured or belonging to the subsidised scheme was substantially attenuated after adjusting for socioeconomic and demographic factors. In contrast, socioeconomic indicators such as maternal education remained strong predictors of neonatal mortality in models that controlled for health insurance status (table 3) . This implies that universal health insurance may not be sufficient to close the gap in newborn mortality between socioeconomic groups. Additional barriers to care seeking, such as supply side problems, 17 may affect the poor more; and other factors, such as poverty, knowledge and health-related behaviours, might contribute to higher neonatal mortality among the lower socioeconomic groups. Furthermore, differences in socioeconomic measures may explain only part of the difference in NMR between insurance schemes, as individuals in each scheme are relatively heterogeneous in terms of socioeconomic background. The small remaining excess mortality among the uninsured and subsidised scheme after adjusting for confounding might be reflective of differences in access to or quality of care. Although 98% of women deliver in a health facility assisted by a doctor, insufficient provision of services or distance to facilities especially affecting the uninsured may still contribute to higher neonatal mortality. 17 18 29-31 It is noteworthy that half of the mortality difference between infants born to uninsured mothers and those in the contributory scheme was attributable to deaths in the first 24 hours after birth. Furthermore, the differences were largest for disorders related to respiratory distress during delivery, suggesting that quality of care during delivery may play a role in explaining excess mortality.
We found that mortality differences by insurance status would have been larger if babies of uninsured mothers and those in the subsidised scheme had the same C-section rate as mothers in the contributory scheme. C-sections were associated with birth before 39 weeks of gestational age, lower birth weight and higher newborn mortality. Prematurity is the leading cause of newborn deaths worldwide; 19 32 even births at 37-39 weeks have suboptimal outcomes and C-section is not recommended before 39 weeks unless medically necessary. 33 Furthermore, low birthweight babies are on average 20 times more likely to die than heavier babies. 34 In Colombia, vital registration system data suggest that there has been a sharp rise in the fraction of C-section deliveries during the period of health insurance coverage expansion (figure 1). Unfortunately, we had no data on whether the C-sections were medically necessary or elective; possibly, C-sections were associated with a lower risk of stillbirth (neonatal death and stillbirth are competing risks). In addition, higher NMR rates in C-section deliveries partially reflect selection-the fact that high-risk pregnancies, which bring a potential health risk for the baby, often end up in C-section. However, C-section rates are exceptionally high in Colombia 35 and other Latin American countries, where a large proportion of C-sections are known to be elective. 33 36 Our finding that C-section delivery is associated with higher newborn mortality corresponds with other studies in settings with very high C-section rates. 36 While medically indicated C-sections can save newborn lives, unnecessary C-sections may pose unnecessary risks for newborn survival. 37 Barros et al, 38 for instance, report a stagnation in the newborn mortality decline in urban Brazil because of an increase in preterm births caused by a strong increase in induced labour and C-section rates. These authors conclude that in Brazil, excessive medicalisation led by an unregulated private sector drives these trends. 38 Likewise, fee-for-service payments may contribute to high C-section rates in Colombia, which favour contributory scheme patients, offsetting potentially positive health effects of improved access to maternity care through health insurance.
CONCLUSIONS
Our study is important in the light of many low-income and middle-income countries currently undergoing major healthcare reform. Statutory free maternity care may contribute to better newborn survival, as suggested by the small mortality differences between insurance status groups after adjusting for confounders. While maternity care in Colombia is free for all, in practice, differences in access to and quality of care between insurance status groups remain. 30 Further studies are warranted to establish whether contributory health insurance may be associated with higher rates of unindicated C-sections, and whether the latter may have increased neonatal mortality in the contributory scheme.
What is already known on this subject
Health insurance coverage lowers the risk of catastrophic health expenditures and improves access to healthcare, but there is a paucity of evidence on associations with newborn health and mortality.
What this study adds
On the basis of analyses of all live births (2 506 920) and neonatal deaths (17 712) in the Colombian national vital registration system between 2008 and 2011, we find that health insurance coverage is associated with a small reduction in neonatal mortality. Results suggest that unnecessary C-sections among women with contributory insurance may offset some of the positive effects of improved access to care.
Policy implications
▸ Statutory free maternity care may contribute to better newborn survival, although it may not be sufficient to close the gap in newborn mortality between socioeconomic groups. ▸ Beyond increasing health insurance coverage, policies to decrease differences in access to and quality of care between insurance status groups may be required to reduce infant mortality.
